Background: Patients with diffuse large B-cell lymphoma treated with first-line anthracycline-based immunochemotherapy and remaining in remission at 2 years have excellent outcomes. This study assessed overall survival (OS) stratified by progression-free survival (PFS) at 24 months (PFS24) using individual patient data from patients with DLBCL enrolled in multicenter, international randomized clinical trials as part of the Surrogate Endpoint for Aggressive Lymphoma (SEAL) Collaboration.
Introduction
Diffuse large B-cell lymphoma (DLBCL) is the most common aggressive lymphoma in the USA [1] and Europe [2] . Outcomes have improved with the introduction of immunochemotherapy for DLBCL [3] [4] [5] with the majority of patients being cured by front-line therapy. Patients with DLBCL who receive first-line anthracycline-based immunochemotherapy who have not had an event (relapse, re-treatment, or death), at 24 months from diagnosis (EFS24) have excellent outcomes with an overall survival (OS) that is similar to the age-and sex-matched general populations in patient cohorts from observational studies from the USA, France, and Denmark [6, 7] .
There is a need for early end points to assess approaches from randomized clinical trials that would not necessitate waiting for OS results in newly diagnosed DLBCL. The Surrogate Endpoint for Aggressive Lymphoma (SEAL) group was assembled to compile a large meta-database as previously described [8] . Progression-free survival (PFS) in patients who had defined evaluation and scan point may offer a more accurate assessment of the time of relapse compared with registry or populationbased cohorts. To evaluate the robustness and generalizability of a 24-month end point in the clinical trial setting, this study assessed OS stratified by PFS at 24 months (PFS24) using individual patient data from patients with newly diagnosed DLBCL enrolled in 14 different multi-center, international randomized clinical trials.
Patients and methods
SEAL is an international collaboration of hematologists, oncologists, hematopathologists, statisticians, and scientists. Clinical trials and data in the SEAL database as of 15 July 2016 were utilized for the study [3] [4] [5] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] . Individual patient data were pooled as previously described [8] . Central data alignment was carried out by the SEAL statistics and data center at Mayo Clinic Rochester. All patients who were treated with rituximab-containing, anthracycline-based immunochemotherapy as part of initial induction therapy on the trial were included in this analysis. This study was approved by the Institutional Review Board at the Mayo Clinic; research was conducted in accordance with the Declaration of Helsinki.
PFS was defined as the time from study entry to the earliest occurrence of progressive disease, relapse, or death. PFS24 was a binary end point defined as being alive and progression free 24 months (731 days) after initiation of therapy. In patients with progression within 24 months from initiation of therapy (fail to achieve PFS24), OS from PFS24 was defined as time from progression to death from any causes. In patients who were alive and progression free 24 months after initiation of therapy (achieve PFS24), OS from PFS24 was defined as time from achieving PFS24 to death from any cause. Living patients were censored on the date when they were last documented as alive. The OS and PFS24 were derived according to consistent calculation rules across studies. Standardized mortality ratio (SMR) was defined as the ratio of observed deaths to expected deaths in the general population. OS was compared with the age-, sex-, and country-matched general population via SMR and expected survival using a conditional approach [19] via the survexp function in R (package survival), modified to allow country of origin as an additional matching feature in a multinational dataset. Population rate tables for countries were obtained via www.mortality.org where available. A per-study average rate table was used when an individual patient's country of residence was unavailable. OS beyond 9 years from treatment initiation was only available at the time of analysis for two trials (13% of the cohort); therefore, follow-up from PFS24 was restricted to the first 7 years after PFS24. Analyses were carried out by using SAS version 9.4 (SAS Institute, Inc.) and Rv3.3.1.
Results
From 7975 patients, 5835 (73%) in the SEAL database received rituximab and anthracycline-based immunochemotherapy as part of induction therapy on the trial and were included in this analysis ( Table 1 ). The median age was 62 years (range 18-92), 56% were greater than 60 years of age, 57% were male, 57% had an elevated LDH, 63% had stage III/IV disease, and 13% had an Eastern Cooperative Oncology Group performance status of 2-4. The International Prognostic Index (IPI) was 0-1 in 36%, 2 in 25%, 3 in 23%, and 4-5 in 16%.
At a median follow-up of 4.4 years, 1337 (23%) of patients had disease progression, 1489 patients died; the Kaplan-Meier estimate for achieving PFS24 for the entire cohort of 5835 patient was 73% (95% CI 72% to 74%) and the SMR from diagnosis was 2.42 (95% CI 2.30-2.55). Totally, 5101 patients had sufficient follow-up to be assessable for PFS24; 1423 of assessable patients (28%) did not achieve PFS24 ( Figure 1A ) with a median OS of 7.2 months (95% CI 6.8-8.1) after progression. The 5-year OS from progression was 19% and the SMR comparing outcomes to expected survival for the age-, sex-, and country-matched general population was 32.1 (95% CI 30.0-34.4). A total of 3678 patients were progression-free at 24 months (achieved PFS24). The subsequent OS after achieving PFS24 approached the age-and sexmatched general population ( Figure 1B ) with observed versus expected OS at 3, 5, and 7 years of 93.1% versus 94.4%, 87.6% versus 89.5%, and 80.0% versus 83.7%, respectively ( Table 2 ). The SMR after achieving PFS24 was 1.22 (95% CI 1.09-1.37). Higher IPI at diagnosis was associated with greater discrepancies between observed and expected survival ( Table 2) .
Discussion
In this large series of patients on randomized clinical trials, the PFS24 from the start of initial induction therapy stratifies DLBCL patients treated with the international standard of care, rituximab-containing anthracycline-based immunochemotherapy into populations with distinct outcomes. DLBCL patients who are alive without progression at 24 months from the onset of initial therapy have excellent survival. The OS for this group was marginally lower than, but clinically indistinguishable from the age-, sex-, and country-matched background population for at least 5 to 7 years after achieving PFS24. Survival without an event at this timepoint provides clinicians, patients, and caregivers with a clear benchmark for evaluating the success of initial treatment in the modern era.
The strengths of this study include the large numbers of patients treated prospectively on protocol who were followed at protocol defined time intervals and evaluation criteria to prospectively document progression. This is the largest series of patients with DLBCL studied in the immunochemotherapy era world-wide with prospectively collected data of treatment and outcomes at prespecified follow-up intervals and should have excellent generalizability. Combining data from multiple randomized controlled clinical trials added substantial increases in sample size and statistical power. The limitations of this analysis include the following. There is an under-representation of patients older than 85 years of age. Outcomes for older individuals with DLBCL have been previously assessed using registry data linked to a claims database [20] . In this analysis, there was a lack of long-term follow-up >10 years and only two trials, 13% of the cohort, had OS data beyond 9 years. The patients included in these studies may not reflect the general population of DLBCL since they needed to qualify for the study and there may have been a time to treatment bias [21] . Patients with significant endorgan disease, central nervous system disease, HIV, and other contraindications to clinical trials would not have been included in this analysis. The impact of management was not assessed after relapse, which is beyond the scope of this dataset, and such information is not routinely collected in clinical trials. Finally, analysis was carried out using the PFS definition from the individual clinical trials. EFS, where change in therapy was considered an event, was only available on a small subset of trials in the SEAL database at the time of this study. The evaluation of EFS24 versus PFS24 for patients being treated on trials may be explored in a future study as more EFS data becomes available in the SEAL database.
These data confirm other recently published data in newly diagnosed DLBCL. In a cohort of 767 patients from the USA with a median follow-up of 60 months, the SMR after achieving EFS24 (freedom from progression, second therapy, or death) was 1.18 (0.89-1.57) [6] . In the same publication, a Lyon/Groupe d'Etude des Lymphomes de l'Adulte (GELA) cohort of 820 patients with a median follow-up of 42 months had an SMR after achieving EFS24 of 1.09 (0.69-1.74). In a Danish population-based cohort of 1621 patients with a median follow-up of 85 months, those Overall survival from progression within 24 months who achieved EFS24 from the completion of frontline immunochemotherapy had a subsequent SMR of 1.27 (1.12-1.44) [7] . Combined with our study, these results support a small but clinically insignificant reduction in survival for DLBCL survivors in the first 5-7 years after achieving EFS24 or PFS24. Additional follow-up is needed on these and other cohorts to evaluate longer outcomes and assess for impact of late relapses, quality of life and other factors that may negatively affect survivorship beyond the time periods that have been studied. Our results and the findings of these corroborating studies have significant implications for lymphoma survivorship. Given that the vast majority of DLBCL events occur in the first 24 months, individuals treated with R-CHOP who survive to this time point without relapse are highly likely to experience a near normal life expectancy. Surveillance imaging with computed tomography has been demonstrated to be of limited value [22, 23] . Novel approach for surveillance assessment utilizing circulating tumor DNA are in development [22] [23] [24] [25] . Our data suggest that studies evaluating novel surveillance strategies for disease relapse are likely to be of greatest benefit in the first 2 years following immunochemotherapy. Following achievement of PFS24, the critical research questions for DLBCL survivors should focus on quality of life, secondary malignancies, and other outcomes.
It is important to caution that extension of these results in the settings of relapsed DLBCL or maintenance after immunochemotherapy in DLBCL is not supported at this time. A number of randomized clinical trials have failed to show either a PFS or OS benefit for maintenance therapy after immunochemotherapy [5, 18, 26, 27] in DLBCL while a recent trial showing a benefit of PFS for maintenance after completion of immunochemotherapy failed to show an OS benefit [28] . It is important to note that both the pattern of treatment failure and overall prognosis in the maintenance setting are distinct from diagnosis. The rate of progression or relapse for newly diagnosed DLBCL is highest in the first 6 months after diagnosis, reduces slightly between 6 and 12 months, and then shows further decreases between 12 and 24 months and beyond 24 months [6] . In regard to prognosis, the SMR of patients in CR or CRu after immunochemotherapy was 1.75 in a recent Danish study [7] that was markedly lower than the SMR at diagnosis of 2.42 from our study and SMRs of 2.88 and 4.99 reported in USA and French patients at diagnosis [6] . In addition, there are limited data on the validity of PFS24 in the current relapsed and refractory setting in DLBCL. A recent study evaluated 1617 patients with relapsed DLBCL or Hodgkin lymphoma who were 2-year survivors after autologous hematopoietic transplant [29] . At a median follow-up of 10.6 years of the cohort, the 5-year OS was 89% and the SMR for relapsed DLBCL was 3.4 (95%: 2.9-4.1) compared with the age-and sex-matched general population. However, the marked clinical heterogeneity of outcomes in patients with relapsed DLBCL [30] make adaptation of PFS24 challenging in the broader relapsed setting. Further evaluation is needed before utilization of the PFS24 end point can be extended to the relapsed setting.
In summary, patients treated with rituximab containing anthracycline-based immunochemotherapy who are alive without progression at 24 months from the onset of initial therapy on clinical trials have excellent outcomes with survival that is marginally lower but clinically indistinguishable from the age-, sex-, and country-matched background population for 7 years after achieving PFS24. Further follow-up will be needed to assess any long-term impact of late relapse and survivorship issues in this population.
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